INTRODUCTION {#cesec10}
============

Gonarthrosis, or degenerative arthritis of the knee, often evolves with the axis of the limb changing, in varus or valgus, which is more rare. In varus knee, the primary deformity occurs in the tibia, while in valgus, the femur is most affected, leading to the obliquity of the joint line[@bib1].

Valgus deformity tends to progress to osteoarthritis later in life, and is generally less symptomatic. This is explained by the adduction moment, which places the force of gravity primarily in the medial compartment during gait, requiring very sharp valgus deformity for there to be overloading of the lateral compartment[@bib2], [@bib3], [@bib4]. This adductor moment also biomechanically justifies the need for alignment at 0° of the anatomical axis on the valgus knee osteotomies, since, under physiological conditions, 60% of body weight passes through the medial compartment[@bib5], [@bib6].

The indication of osteotomy for the treatment of gonarthrosis is becoming more restricted due to the great improvement in long-term results of total knee arthroplasty[@bib7]. However, it has the great advantage of not being a procedure of substitution, which is more relevant in young patients. The femoral osteotomy is more effective than tibial osteotomy for addressing valgus deformity of the knee, for making the transcondylar line perpendicular to the mechanical axis and minimizing the loosening of the medial collateral ligament[@bib1], [@bib8], [@bib9].

The aim of this study is to evaluate the long-term results of distal femoral varisation osteotomy and seek predictive criteria that can assist in the selection of patients to undergo this technique.

METHODS {#cesec20}
=======

From July 1997 to November 2004, 23 varisation osteotomies of the distal femur were performed by the same surgeon for the treatment of gonarthrosis, using the technique described in this article. Eight patients were excluded from the study, six of whom were not located, one of whom deceased before beginning the evaluation and one of whom did not have the clinical conditions for a functional assessment because of terminal colon cancer. The final study group therefore consisted of 15 patients who underwent varisation osteotomy of the distal femur and blade plate fixation. Of the patients, 13 had primary lateral gonarthrosis and two had post-traumatic gonarthrosis.

Patients were categorized according to age (less than 20, 20-40, 40-60, and over 60 years), duration of postoperative follow-up (less than 50, 50 to 100, and over 100 months) and postoperative anatomic angle (more than 2° of varus, from 2° of varus to 3° of valgus, and more than 3° of valgus).

The patients\' ages at the time of surgery ranged from 19 to 72 years (mean 49.8). Three were male and 12 female. The postoperative follow-up ranged from 43 to 132 months (mean 81.4). Ten osteotomies were performed in the right knee and five on the left. No patient underwent bilateral osteotomy of the femur. One patient was previously submitted to valgization osteotomy of the contralateral tibia and another patient to contralateral patellar realignment.

Preoperative evaluation and indication for the procedure

In the preoperative evaluation, patients underwent a private interview and orthopedic clinical examination by the senior author, and anteroposterior (AP) standing radiographs of the knees were performed in the single leg stance, on 30×40 cm film for measuring the anatomic angle, or the femorotibial angle, respecting the same rotational position of the lower limbs from the observation of the position of the patella and feet at the time of examination(10-15) ([Figure 1](#fig1){ref-type="fig"}). Profile radiographs of the knee and axial radiographs of the patella were used to confirm the diagnosis of lateral unicompartmental osteoarthritis.

Surgical technique

Through a lateral approach to the distal femur, supracondylar osteotomy in a 45° "V"[@bib15], [@bib16], [@bib17], [@bib18] and lateral blade plate fixation were performed in all 15 patients. To obtain neutral alignment of the anatomical axis and, therefore, with 5° to 8° of varus from the mechanical axis[@bib12], [@bib14], [@bib15], [@bib17], [@bib19], [@bib20], the blade of the 95° fixedangle plate was inserted in parallel or with an angle of up to 5° varus in relation to the tibial articular surface under radioscopic visualization. The plate was then fixed to the femur after verification of the mechanical axis by means of a wire positioned outside the center of the femoral head to the center of the ankle joint[@bib21] ([Figure 2](#fig2){ref-type="fig"}).

In the immediate postoperative period isometric and isotonic exercises were initiated with active knee flexion-extension under supervised physiotherapy. Weight bearing on the operated limb was allowed after six to eight weeks, according to clinical signs and radiographic consolidation of the osteotomy.

Long-term postoperative evaluation

For the subjective and objective long-term postoperative evaluation, patients returned to the institution for a private interview with the authors of the study, an orthopedic clinical examination, and radiographic evaluation of the operated knee ([Figure 3](#fig3){ref-type="fig"}). The standardized Knee Society Rating System (KSS) questionnaire was then applied[@bib22], with the alignment criterion modified to suit the purposes of the study. The KSS was originally developed for the evaluation of patients undergoing knee arthroplasty aimed at mechanically aligning the knee in neutral, using the following criteria to score the alignment: final angle between 5° and 10° of valgus, no deduction made in score; between 0° and 4° or between 11° and 15° of valgus, three points are deducted for each degree; and varus angulation or greater than 15° of valgus, 20 points are deducted. In the present study, patients with a final angle between 2° of varus and 3° of valgus, no deduction was made in the score as it was considered the desired outcome for the procedure[@bib12], [@bib16], [@bib17], [@bib23], [@bib24]. Three points were deducted for each degree between 3° and 7° of varus or between 4° and 8° of valgus, and 20 points for angles greater than 7° of varus or 8° of valgus.

AP radiographs in the orthostatic single leg stance on 30x40 cm film were used in the evaluation to measure the anatomic angle and a lateral radiograph of the knee for the assessment of the alignment in neutral of the osteotomy in the sagittal plane.

Statistical analysis {#cesec30}
--------------------

In order to evaluate the existence of statistically significant relationship between excellent/good and fair/poor results obtained by the KSS protocol with the variables patient age at the time of surgery, postoperative follow-up time, and postoperative anatomic angle, statistical analysis was performed using Fisher\'s exact test after categorization of the variables. We used p \< 0.05 for statistical significance.

RESULTS {#cesec40}
=======

According to the KSS, five excellent results were obtained (above 170 points), six good (between 140 and 170 points), one fair (between 125 and 139 points) and three poor (below 125 points). The excellent and good results amounted to 73% and the fair and poor, 27% of the total ([Figure 4](#fig4){ref-type="fig"}).

The final postoperative anatomical angle ranged from 11° of varus to 11° of valgus (mean 1.73° of valgus); seven patients (46%) were in the desired range of 2° of varus to 3° of valgus.

By categorizing the age into four age groups (less than 20, 20-40, 40-60, and over 60 years), there were no statistically significant differences between groups of excellent/good and fair/poor results (p = 0.73).

When considering the duration of follow-up in three periods (less than 50, 50 to 100, and more than 100 months), there were no statistically significant differences between groups of excellent/good and fair/poor results (p = 0.58).

Dividing the postoperative angle into three groups of values (more than 2° of varus, from 2° of varus to 3° of valgus, and more than 3° of valgus), there were no statistically significant differences between groups of excellent/good and fair/poor results (p = 0.50).

DISCUSSION {#cesec50}
==========

Distal femoral varisation osteotomy is indicated in lateral unicompartmental osteoarthritis presenting an anatomical angle greater than 12° of valgus or inclination of the articular surface of the knee greater than 10° in the coronal plane in relation to the horizontal[@bib12], [@bib13], [@bib15], [@bib17], [@bib23], [@bib24], [@bib25]. The procedure is contraindicated in patients with nonspecific knee pain, arthritis, or previous meniscectomy in the medial compartment and inflammatory disease. Age over 60 years, obesity, severe arthritis, knee range of motion less than 90°, and moderate or severe knee ligament instability are considered relative contraindications[@bib1], [@bib12], [@bib13], [@bib15]. Severe patellofemoral arthritis, characterized by predominantly anterior pain and radiographic signs of osteophytes and joint clamping, was considered an absolute contraindication to femoral osteotomy, although in a recent study by Wang and Hsu[@bib26] there was no difference in the outcome of osteotomy in eight patients with severe patellofemoral arthrosis in relation to cases of unicompartmental osteoarthritis.

The measurement of the anatomic axis on AP radiographs with the single leg stance was used because it is easier to perform and less expensive when compared with use of the measure of the mechanical axis[@bib15], considering that, regardless of the technique for measuring the axis, there is not a precise correlation between the radiographic (static) findings and load distribution (dynamic), even after corrective osteotomy[@bib3], [@bib4].

The results of femoral varisation osteotomy for the treatment of valgus knee in the literature are quite varied, reflecting the influence of factors such as patient selection, surgical technique, postoperative alignment, and follow-up period[@bib8], [@bib20], [@bib27], [@bib28]. Of these factors, the influence of postoperative alignment on the clinical course is well documented[@bib12], [@bib16], [@bib17], [@bib23], [@bib24]. Although no prospective clinical studies have been conducted, alignment with a femorotibial angle of 0° is generally accepted as the desired postoperative correction[@bib24]. This study considered an axis between 2° of varus and 3° of valgus as a good alignment, based on a modification of the range of proper alignment of the KSS to suit the anatomical alignment in neutral desired after the procedure. There was no statistically significant association between the final anatomic angle and the KSS score results, although three of the four fair/poor results occurred in patients with final anatomical angles (10° of varus, 10° of valgus, and 11° of valgus) further away from the ideal range.

The number of patients in this study (n = 15) is small but comparable with the literature concerning distal femoral varisation osteotomy using a "V" technique, which in the reviewed articles ranged from 11 to 17, with an average of 13.7[@bib15], [@bib16], [@bib17], [@bib18].

The postoperative follow-up period in this study (81.4 months) was higher than that of most of the literature. Of 18 studies reviewed[@bib8], [@bib10], [@bib11], [@bib14], [@bib15], [@bib16], [@bib17], [@bib18], [@bib19], [@bib23], [@bib24], [@bib26], [@bib29], [@bib32], [@bib33], only six[@bib10], [@bib11], [@bib17], [@bib26], [@bib29], [@bib32] had a higher average.

The age group between 19 and 72 years (mean 49.8 years) was also similar to other studies, which in the literature ranged from 14 to 79 years, averaging between 34.8 and 58 years[@bib14], [@bib15], [@bib16], [@bib17], [@bib18], [@bib23], [@bib27], [@bib30], [@bib31], [@bib33].

A comparison of the results obtained in this study with the application of the KSS is made complicated by the wide variety of methodologies found in the literature. However, when comparing these data, it can be seen that the rate of excellent and good results (73%) was greater than in six[@bib8], [@bib10], [@bib11], [@bib15], [@bib27], [@bib31] studies, with rates between 57.1 and 71.4%. Of the 12 studies[@bib14], [@bib16], [@bib17], [@bib18], [@bib19], [@bib23], [@bib24], [@bib26], [@bib29], [@bib30], [@bib32], [@bib33] with superior results (indexes between 76.4 and 100%), only four[@bib17], [@bib26], [@bib29], [@bib32] had longer follow-up. This data becomes relevant to the extent that, in the literature, deterioration of results is described over time during follow-up[@bib6], [@bib10], [@bib26], [@bib30]. However, Edgerton *et al.*[@bib11] did not observe this trend, which is also true for this study.

Comparing the results with only the studies of "V" osteotomies, similar success rates could be observed. Aglietti *et al.*[@bib15] showed 71.4% excellent and good results in a group of 14 patients after a mean follow-up of 21.8 months. In 1991, Cerqueira *et al.*[@bib16] obtained 81.8% excellent and good results in 11 patients, with a mean follow-up of 42 months. Costa *et al.*[@bib18] evaluated 13 patients with a mean follow-up of 24 months, and 76.9% had satisfactory results. Aglietti and Menchetti[@bib17], after a mean follow-up period of 108 months for 17 patients, had 76.4% excellent or good results.

CONCLUSION {#cesec60}
==========

We conclude that the distal femoral varisation osteotomy in "V" is a good option for the treatment of patients with lateral compartment osteoarthritis and valgus knee. However, patient age on the time of surgery, follow-up period, and postoperative anatomic angle failed to be confirmed as predictive factors of the outcome.
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